The recently discovered middle-sized Bojitian Carlin-type Au deposit is located in southwestern Guizhou Province, China, near the well-known Shuiyindong super-large-sized deposit. To improve the understanding on this deposit, here we investigate the minerals that host Au and the occurrence of Au in the deposit, using a combination of microscopic work and electron probe microanalysis (EPMA). Based on the results, the formation of the deposit was addressed. Results indicate that the dominant minerals that host Au include arsenian pyrite and arsenopyrite. Au in the cores of zoned pyrite exists mainly as natural nanoscale Au (Au 0 ), while Au in the rims exists mainly as solid solution Au (Au + ), but it likely also exists in the rims as natural nanoscale Au. The framboidal, coarsegrained, and banded pyrite types contain both natural nanoscale Au 0 and solid solution Au + . The arsenopyrite is of hydrothermal origin, and Au within the arsenopyrite exists as gold solution Au + . The Bojitian deposit was formed from As-bearing, H 2 S-rich, low-to-medium-temperature fluids that migrated along faults and other channels. Au that was already present in the strata or source beds migrated with the fluids in the form of Au(HS) − and ore-forming fluids were then formed in the reducing environment. The ore-forming fluids interacted with Fe-rich carbonates to form an abundance of Au-hosting arsenian sulfides.
Introduction
The Carlin-type Au model, named after the deposits developed along the Carlin Trend in Nevada, USA, is widely used in exploration since the discovery of mineralization in 1962 [1] . This type of deposit is responsible for the largest known Au deposits and is the subject of a wealth of scientific and technical investigations [2] [3] [4] . One of the most important characteristics of the Carlin-type gold deposit is the fact that Au almost always occurs as visible gold in association with sulfides [5] . Study on the Au-bearing minerals and the occurrence of Au in the sulfides is important as it provides information on the ore-forming process (Zhao et al., 2011; [6, 7] ; Cook et al., 2013). Whereas some studies suggest that the occurrences of Au mainly occur as a solid solution (Au + ) and/or nanoparticles of native gold (Au 0 ), other studies suggest that Au can appear as Au − and Au 3+ in the crystal structure of the sulfide [8] [9] [10] [11] . Notwithstanding, we also note that visible gold is observed in some Chinese gold deposits that are considered to belong to the Carlin-type [12] .
In the 1970s, a Carlin-type deposit was discovered in southwestern Guizhou Province [13] . The deposit forms the main part of the renowned Dian-Qian-Gui Au ore district, and the other ores in this district include those in the nearby Yunnan and Guangxi provinces [14, 15] . Recent ore exploration in this area has resulted in a number of significant findings, including the Shuiyindong super-large deposit, which has an average Au grade of 9.05 g/t and Guiyang N a n p a n ji a n g F a u lt a proven reserve of over 50 t [16, 17] . One recently discovered Au deposit in this district, named the Bojitian deposit, is located close to Shuiyindong and has a proven Au reserve of ∼18 t. To date, there have been few studies of the Bojitian deposit because it has only recently been discovered, and the nature of the ore-forming process is poorly understood [18, 19] . Therefore, to improve our understanding of the Bojitian deposit, we have used electron probe microanalyses to investigate the Au-hosting minerals and the occurrence of Au. The results will contribute to our understanding of the general processes of ore formation in this district, as well as the origins of the Carlin-type gold deposits in South China.
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Geological Setting
The Bojitian Au deposit occurs in the Dian-Qian-Gui Aurich district, which occurs in the Youjiang Basin at the southwestern margin of the Yangtz Craton ( Figure 1 ). The basin is bordered by the regional Mile-Shizong deep fault in the northwest, the Nanpanjiang Fault in the south, and the Shuicheng-Ziyun-Bama Fault in the northeast [20] [21] [22] [23] . Many Au ores and deposits have been found in this area ( Figure 1 ).
The Bojitian Au deposit is tectonically located on the southwestern margin of the Yangtz Craton [20, 21] . The deposit is located in the eastern part of the Huijiabao anticline ( Figure 2 ) and together with other ore deposits makes up the E-W-trending Huijiabao Au-(Hg) field ( Figure 2 ) [24, 25] .
Huijiabao is an important anticline, hosting eight Au deposits, five Ag deposits, and one Ag-Tl deposit. The renowned super-large Shuiyindong Carlin-type Au deposit and the large-sized Zimudang Au deposit are both hosted in this anticline. Devonian to Triassic strata are prominent in this area and have a total thickness of >10,000 m. Triassic strata occupy roughly two-thirds of the total area, and Permian Figure 2 : Geological sketch map of the Huijiabao gold field in southwestern Guizhou Province (modified after [40] ). strata are the second most important in terms of outcrop area. Carboniferous and Devonian strata are only exposed locally in the cores of several anticlines and domes ( Figure 2 ). The main strata in the district, from bottom to top, are the middle Permian Maokou Formation (P 2 m), the upper Permian Longtan (P 3 l) and Changxing (or equivalent Dalong) formations (P 3 ch or P 3 d), the Lower Triassic Yelang (T 1 y) and Yongningzhen (T 1 y ) formations, and scattered Quaternary deposits. Magmatic rocks are found only to the NW, outside the mine area, and they consist of alkaline ultrabasic rocks and the Emeishan basalt [20, [26] [27] [28] .
The dominant strata that host Au in the Bojitian deposit are the upper Permian Dachang layer, the Longtan Formation, and the first member of the Yelang Formation [18] . The Dachang layer is located along an unconformity between the Maokou and Longtan formations, and it commonly signals the presence of an altered rock association that formed during regional tectonism and hydrothermal activity [29] . The Maokou Formation consists predominantly of light-gray thick-layered bioclastic limestone. The Longtan Formation consists of gray layered siliceous limestone, calcareous clay rock, brecciated clay rock, siltstone, and fine sandstone. The Yelang Formation contains clay rock, siltstone, marl, limestone, and oolitic limestone.
Three structural trends can be recognized in the area (Figure 2 ): the NW-SE-trending Huijiabao anticline and reverse faults along the anticlinal axis and NE-SW and N-Strending anticlines, faults, and interlayer structures, such as the decollement between the lower Permian Maokou Formation and the upper Permian Longtan Formation. The surficial structures were formed during the Indosinian-Yanshanian orogeny, and the tectonic features are complex [20, 24, 30] . In general, the location of the Au deposits in this area is controlled by the E-W-trending Huijiabao anticline and to a lesser degree by E-W and N-S-trending faults [18] .
The ore bodies of the Bojitian Au deposit can be divided into two types: strata-bound and fault-controlled, based on the occurrence, shape, and structure [31, 32] . The stratabound ore bodies are the dominant type, and they can be subdivided into carbonate and silicified breccia types based on the nature of the ore-bearing rocks. The layered and stratiform-like carbonate-type ore bodies are found within 300 m of the Huijiabao anticlinal axis. In contrast, the silicified breccia ore bodies are found in the Dachang layer, parallel to the plane of the unconformity. The fault-controlled ore bodies occur only in fracture zones that formed along a gently dipping reverse fault that produced a small displacement along the axis of the anticline [18, 33] .
These rocks contain a range of ore minerals, including pyrite, arsenopyrite, marcasite, realgar, orpiment, cinnabar, and stibnite. The gangue minerals are mainly calcite, dolomite, quartz, clay, and hydromica. These minerals form various paragenetic associations, including quartz-dolomite, quartz-pyrite-arsenopyrite, quartz-calcite-realgar-orpimentstibnite-cinnabar, and pyrite-marcasite (Pan, 2012) . Ore structures have multiple types, including disseminated, laminated, vein-like, lumpy, drusy, and brecciated. Ore textures are mainly euhedral and subhedral, framboidal, globular, metasomatic, and cataclastic.
Many types of hydrothermal alteration have been observed in the deposit, including silicification, dolomitization, pyritization, arsenopyrite mineralization, realgar (orpiment) mineralization, calcitization, stibnite mineralization, talc mineralization, fluorite mineralization, and cinnabarite mineralization. The Au mineralization seems to have a close relationship with the silicification, dolomitization, and pyritization [28, 30] .
Samples and Methods
We collected 48 samples from depths of 243.00 to 522.90 m in well G2 (total depth 796.65 m) (Figure 3 ). The samples were made into polished sections for observation under an optical microscope (Nikon E600POL). Thirty samples were then chosen for measurements of Au content (Table 1; Figure 3 ). Three samples (G2-10, G2-32, and G2-35) with relatively high Au contents (2.54, 8.71 , and 1.13 ppm, resp.) and different lithologies and occurrences were then chosen for further detailed electron probe microanalysis (EPMA). Five ore and 12 wall-rock samples were selected for trace element and REE analysis.
The contents of Au and trace elements were measured by ALS Chemex, Guangzhou, China. The Au analyses were conducted using the fire assay enrichment separation method and an atomic absorption spectrometer, with a detection limit of 0.005 ppm. The REEs and trace elements were detected by ICP-MS.
The EPMA analyses included backscattered electron (BSE) imaging and point analyses of minerals that host Au. Based on the EPMA results, representative minerals were chosen for elemental mapping (Au, As, S, and Fe). The EPMA analyses were conducted with a JEOL JXA-8100 instrument at the State Key Laboratory for Mineral Deposits Research of Nanjing University, China. The analyses employed an accelerating voltage of 15 kV, a beam current of 20 nA, and a beam width of 1 m. Basic analytical conditions for EPMA are given in Table 2 .
Results
Minerals That Host Au.
The analytical results indicate that the main minerals that host Au in the Bojitian Au deposit are arsenian pyrite and arsenopyrite. This is also the case in the nearby Shuiyindong Au deposit and in other typical Carlin-type Au deposits worldwide [11, [34] [35] [36] [37] [38] . Our analytical data and previous studies testified that the other minerals, such as quartz, calcite, clay, and carbonaceous, do not host Au in this deposit (Li and Ye et al., 2003 [19] ).
Arsenian Pyrite
EPMA Backscattered Imaging and Point Analyses.
The main types of arsenian pyrite in the present study are zoned pyrite and fine-grained pyrite, but we also observed framboidal, coarse-grained, and banded pyrite. In addition, some pyrite is present as filling in charcoal debris that forms a screen pipe or a conduit for plant rubble. The specific EPMA detection points and analytical results are given in Figure 4 and Table 3 . Sixteen points on zoned pyrite were chosen for EPMA analysis (points z-1 to z-16, Figure 4) , with 8 points each in cores and rims. The cores commonly have relatively low contents of As and high contents of S and Fe (average contents of 0.06, 53.66 and 45.64 wt%, resp.). We converted the EPMA analysis values to numbers of atoms and found that the Fe : S ratio is close to the theoretical value (1 : 2) of pyrite (FeS 2 ) (Table 4) . Thus, we suggest that the cores of the zoned pyrite are typical pyrite. Au was detected in three of the eight core points at 0.03-0.05 wt%, indicating that these cores contain Au. The average contents of other elements are 0.03 wt% Cu, 0.08 wt% Co, 0.02 wt% Ni, and 0.01 wt% Sb.
The elemental compositions of the rims of the zoned pyrite are quite different from the cores, being characterized by relatively high contents of As and low contents of S and Fe. The average As content in the rims is 6.60 wt%, two orders of magnitude higher than that in the cores. The average rim contents of S and Fe are 49.67 wt% and 43.36 wt%, respectively; both values are lower than those in the cores. Calculation of the numbers of atoms suggests that the numbers of S atoms in the rims are lower than that in the cores, but Fe atom numbers show little variation from core to rim. This result may indicate that some of the S was replaced by As. The Au content in the rims varies from 0.07 to 0.10 wt%, higher than that in the cores. The average contents of other elements in the rims are 0.23 wt% Cu, 0.01 wt% Ag, 0.05 wt% Co, 0.02 wt% Ni, and 0.01 wt% Sb.
(b) Fine-Grained Pyrite. The fine-grained pyrite is smaller than the zoned pyrite, typically <10 m across. This type of pyrite is disseminated, individual grains are unzoned, and the textures are homogeneous. Five points on fine-grained pyrite were chosen for EPMA analysis (points f-1 to f-5; Figure 4 ). The average contents of As, S, and Fe are 7.28, 48.87, and 43.20 wt%, respectively. Calculating the numbers of atoms shows that most of the Fe : S values in the fine-grained pyrite are lower than 1 : 2. The numbers of Fe atoms are relatively constant from core to rim, whereas the numbers of S atoms are lower than in the cores and rims of the zoned pyrite. The numbers of As atoms are relatively high, indicating that some of the S was replaced by As. Au was detected at two points where the contents are 0.07 wt% and 0.14 wt%, and clearly the fine-grained pyrite also hosts Au. The average contents of other elements are 0.20 wt% Cu, 0.05 wt% Co, 0.03 wt% Ni, and 0.01 wt% Sb. In general, the elemental compositions are similar to those in the rims of the zoned pyrite, reflecting relatively high Au and As contents and low S and Fe contents. (Table 4 ). This indicates that the framboidal pyrite is typical pyrite. The framboidal pyrite contains 0.03-0.07 wt% Au, suggesting that some of this pyrite is rich in Au; however, it is not the main type of pyrite that hosts Au. The average contents of other elements are 0.03 wt% Cu, 0.01 wt% Ag, 0.33 wt% Co, 0.06 wt% Ni, and 0.03 wt% Sb. The elemental compositions of the framboidal pyrite are generally similar to those in the cores of the zoned pyrite, being characterized by relatively low contents of Au and As and high S and Fe. c-1 to c-4; Figure 4 ), yielding average contents of As, S, and Fe of 4.76, 49.88, and 44.48 wt%, respectively. Conversion to numbers of atoms indicates that the value of Fe : S in the coarse-grained pyrite varies slightly around 1 : 2, implying that As may have replaced some of S. The Au contents are higher than the detection limit of 0.05-0.08 wt%. Thus, the coarse-grained pyrite hosts Au. The average contents of other elements are 0.11 wt% Cu, 0.13 wt% Co, and 0.03 wt% Sb. The elemental compositions in the coarse-grained pyrite are similar to those in the rims of the zoned pyrite and in the fine-grained pyrite, with relatively high Au and As contents and low S and Fe.
(e) Banded Pyrite. Two points on banded pyrite were analyzed (points b-1 and b-2; Figure 3 ). The average contents of the three main elements, As, S, and Fe are 0.38, 52.38, and 45.52 wt%, respectively. The conversion to numbers of atoms shows that the value of Fe : S is close to 1 : 2. One of the two points contains relatively low amounts of Au (0.03 wt%), indicating that the banded pyrite is not the main host of Au. The average contents of other elements in the banded pyrite are 0.08 wt% Co, 0.10 wt% Ni, and 0.04 wt% Sb. The elemental compositions are generally characterized by relatively low As and Au contents and high S and Fe.
(f) Pyrite in Charcoal Debris. The charcoal debris (point cd-1; Figure 4 ) was formed by a plant screen or by rubble in a conduit, and pyrite fills holes in the debris. The average contents of the three main elements As, S, and Fe in this pyrite are 5.87, 50.72, and 43.53 wt%, respectively. The Fe : S value is 1 : 2.03, close to the theoretical value (1 : 2) of pyrite. Thus, the charcoal debris pyrite appears to be normal pyrite. The Au content at the analytical point is lower than the detection limit, indicating that this pyrite is not one of the main Auhosting minerals. The average contents of other elements in this pyrite are 0.24 wt% Cu and 0.03 wt% Co.
EPMA Mapping.
To further understand the distribution of different elements in typical zoned pyrite, one sample (G2-10-03 with points z-1 and z-2 in Figure 4 ) was chosen for mapping the elements Au, As, S, and Fe ( Figure 5 ). The results further support the findings of the point analysis in general. The distribution of Au does not show the predicted zonal structure, and there is instead a roughly heterogeneous distribution of light areas (Au-rich) and dark areas (less Au-rich) in Figure 5 . However, the light areas are more concentrated in the rims of the zoned pyrite. Thus, while both the cores and rims of the zoned pyrite contain Au, the Au contents of the rims are slightly higher than those of the cores. This finding is generally consistent with the results of the EPMA point analyses.
With respect to the distribution of As, the rims of the zoned pyrite show bright colors, while the cores show relatively dark colors in Figure 5 . This reflects a much higher As content in the rims than in the cores. The distribution of S shows the opposite trend, with bright colors in the cores and less bright colors in the rims. In general, the distribution of Fe is similar to that of S, but with a less obvious difference between rims and cores.
Overall, the above characteristics are similar to the results of the point analysis.
4.1.2.
Arsenopyrite. In addition to arsenian pyrite, another Au-hosting mineral is arsenopyrite. Grains of arsenopyrite are 10-130 m long and 2-15 m wide. Eleven points on arsenopyrite were chosen for EPMA point analysis (Figure 6 ), and the analytical results (Table 5) indicate that the average contents of the three main elements, As, S, and Fe are 40.15, 23.64, and 34.97 wt%, respectively. The conversion to numbers of atoms (Table 6 ) shows that the Fe : As : S ratio is not the theoretical value of 1 : 1 : 1. The numbers of As and S atoms are approximately 1 : 2 in relation to Fe, implying that As has replaced some of S. Au was detected at two points (0.09-0.122 wt%; average 0.02 wt%). This indicates that the arsenopyrite is Au-hosting. The contents of Au in the arsenopyrite are commonly lower than in the rims of the zoned pyrite. The average contents of the other elements in the arsenopyrite are 0.02 wt% Cu, 0.08 wt% Co, 0.15 wt% Ni, and 0.01 wt% Sb.
The results of EPMA point analyses show that Au in the arsenopyrite exists as "invisible" ultramicroscopic packages of Au (nanoscale Au, Au 0 ) [6, 11] . In agreement with previous studies, we infer that Au occurs in the arsenopyrite in a relatively simple way [38] , and for this reason we did not undertake EPMA mapping of Au.
REEs and Trace Elements.
The REE and trace element analyses were conducted on 17 samples from the ores and wall rocks of the Bojitian gold deposit (Table 7) .
REEs.
The total REE contents of the five ore samples vary from 100 to 269 ppm, with an average of 199 ppm. Chondrite-normalized REE patterns (normalizing values from [39] ) are shown in Figure 8 . It is showed that almost all the ore samples have similar REE patterns (Figure 8(a) ), and 
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Note. "bdl": below the detection limit. Wall-rock samples have similar REE patterns (Figure 8(b) ) to the ore samples (Figure 8(a) ). The total REE contents of the wall rocks are 50.9-322 ppm, with an average of 152 ppm. The LREEs are also enriched in the wall-rock samples, with ΣLREE/ΣHREE ratios of 6.05 to 9.96 (average 8.79) and La N /Yb N ranging from 8.46 to 14.92 (average 12.51). The wall rocks show slightly negative Eu anomalies, with Eu = 0.70-0.98 (average 0.82). Some samples show slightly negative Ce anomalies, with Ce ranging from 0.89 to 1.05 (average 0.98).
Trace Elements.
To assess the degree of enrichment of trace elements in the ores and wall rocks, we normalized the data using average crust values (Rudnick and Fountain, 1995), and the crust-normalized curves are shown in Figures 8(c) and 8(d) . It is showed that all the samples are highly enriched in Sr and W (Figure 8(d) ). The elements Cs, Nb, Sr, Ta, Tl, and W are relatively enriched in the ore samples (Figure 8(c) ). In the wall-rock samples, Cs, Nb, and Ta show variable degrees of enrichment.
Discussion
Au-Hosting Minerals.
The results indicate that arsenian pyrite and arsenopyrite are the main Au-hosting minerals in the Bojitian deposit. This is similar to the characteristics of the nearby Shuiyindong ultra-large Au deposit and other typical Carlin-type Au deposits worldwide [2, 6, 40] .
Arsenian Pyrite.
The arsenian pyrite can be divided into six types, as discussed above (see Section 4.1). The zoned pyrites comprise cores and rims. According to the EPMA point analyses, the values of Fe : S are close to the theoretical value of pyrite (1 : 2), indicating that the cores of the zoned pyrite are detrital in origin [41, 42] . However, the values of Co/Ni in the cores are generally higher than 1.0, whereas the value of Co/Ni in pyrite of clastic origin is usually less than 1.0 [43] [44] [45] [46] . Therefore, the pyrite cores have probably been affected by hydrothermal activity. The fact that the pyrite Table 3 . The black-and-white images are EPMA BSE images, while the color images were taken under reflected light.
is much more abundant in the ore bodies than in the wall rocks also suggests that the pyrite has various origins, because a simple sedimentary origin may not have provided all the pyrite cores that now exist. Thus, the origin of the cores in the zoned pyrite is complex. The rims yield Co/Ni values that are usually greater than 1.0, again suggesting a hydrothermal origin. The other types of pyrite (i.e., the fine-grained, framboidal, coarse-grained, banded, and charcoal debris pyrite) have Co/Ni values that are higher than 1.0, also suggesting a hydrothermal origin or at least indicating the effects of hydrothermal activity. We conclude, therefore, that hydrothermal activity was commonplace during the period of ore formation.
Arsenopyrite.
The arsenopyrite occurs mainly in ore samples from close to a hydrothermal channel (samples G2-32 and G2-35 from the T 1 y 1-2 layer under the fault fracture zone; Figure 3 ). Only one generation of arsenopyrite was found, and the crystals are euhedral or subhedral and acicular or fibrous. In some cases the crystals form aggregates with a radiating pattern. EPMA analyses show that Au has a heterogeneous distribution, with local areas of enrichment. Generally, the Au content of the arsenopyrite is lower than that in the rims of the zoned pyrite. Figure 7 shows the typical elemental compositions of the Au-hosting arsenian pyrite and arsenopyrite. The data show no obvious relationship between Au and Fe in either the arsenian pyrite or the arsenopyrite (Figure 7(a) ), but there is a negative correlation between As and S (Figure 7(b) ) which suggests that the As in the structure of the arsenian pyrite has replaced S [10, 11, 47] . A similar negative correlation between As and S characterizes the arsenopyrite (Figure 7(b) ). We found a relationship between Au and As contents in the arsenopyrite, although not a simple linear positive correlation as found for the arsenian pyrite (Figure 7(c) ). In general, the pyrite with a high content of As also has more Au. For example, the Au content of the As-rich rims of arsenian pyrite (0.05 wt%) is roughly three times that of the cores (0.014 wt%), which lack As. In contrast, there is no obvious correlation between Au and As in the arsenopyrite (Figure 7(c) ), and the arsenopyrite with low and high As contents shows little difference in terms of hosting Au.
Elemental Composition of Arsenian Pyrite and Arsenopyrite.
These results, in combination with the EPMA analyses, suggest that different types of sulfide can display different Au-hosting abilities. Overall, the Au contents of arsenian pyrite are slightly higher than those of arsenopyrite, and the Au-hosting ability within different types of arsenian pyrite follows the order of (from highest to lowest ability) zoned pyrite rims, fine-grained pyrite, coarse-grained pyrite, framboidal pyrite, banded pyrite, zoned pyrite cores, and pyrite in charcoal detritus. In general, there is a close relationship between Au and As content. The zoned pyrite and finegrained pyrite are the two main Au-hosting minerals, and the 
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Note. "bdl": below the detection limit. Au contents of the As-rich rims of zoned pyrite are much higher than in the As-poor cores. The average contents of As in the fine-grained pyrite can reach 7.3 wt%, and this pyrite also has a relatively high Au content. Previous studies have indicated that the ore-forming fluids in the study area were rich in H 2 S [40] and that Au(HS) − was the main material migrating in these H 2 S-rich fluids [48] . Interaction between As-rich hydrothermal fluids and Au(HS)
− and Fe 2+ produced by decarbonation resulted in the formation of arsenian pyrite and Au + [6, 26, 27] . The more that As contributes to the ore-forming process, the more that Au + enters the structure of arsenian pyrite, forming pyrite with a high Au content.
With regard to the arsenopyrite, Au was not detected at some analytical points, and it seems to be distributed heterogeneously. As a consequence, Au does not show a good correlation with As. Previous studies suggested that the iron in sulfide minerals was probably derived from the dissolution of ferroan carbonate minerals [6, 12] . Therefore, the migration of ore-forming fluids may promote the dissolution of Fe-rich carbonates, releasing more Fe 2+ , thus accelerating the formation of sulfide minerals. During this process, Au + may be oversaturated and form natural Au (Au 0 ) [6, 26, 27, 40] , and this may explain why Au is distributed heterogeneously in the arsenopyrite. For example, in the nearby Shuiyindong deposit, the sulfides contain visible natural Au (Au 0 ) and show a heterogeneous distribution of Au [12] .
Occurrences of Au.
Using the results of the EPMA point and mapping analyses, we discuss here the Au occurrences in the Bojitian deposit. Using the methods of X-ray absorption near edge structure (XANES), extended X-ray absorption fine structure (EXAFS), EPMA, and SHRIMP II, Reich et al. [11] studied the arsenian pyrite in Carlin-type and epithermal Au deposits and suggested a figure for the limit of Au solubility in the arsenian pyrite. The figure is given by the equation Au = 0.02 As + 4 × 10 −5 , where Au and As represent the molar percentages of Au and As, respectively. In a diagram of lgAs versus lgAu, the data that fall above the line We plotted our EPMA data for As and Au on the lgAs versus lgAu diagram (Figure 7(d) ), and it shows that the data falling above the line are from the cores of zoned pyrite, framboidal pyrite, banded pyrite, and coarse-grained pyrite. Thus, Au in these pyrites may exist in the form of natural nanoscale Au (Au 0 ). In contrast, the data falling below the line are from the rims of the zoned pyrite, the fine-grained pyrite, framboidal pyrite, banded pyrite, and coarse-grained pyrite. This suggests that Au in these arsenian pyrites may exist in the form of solid solution Au (Au + ).
The EPMA mapping analysis yields contrasting results. As discussed above, Au in the zoned pyrite does not show the same obvious zonal structure as As, S, and Fe ( Figure 5 ). The map shows few clear Au-rich points, indicating that Au exists in the form of "invisible" ultramicroscopic Au (natural nanoscale Au, Au 0 ).
In summary, Au in the cores of the zoned pyrite may exist mainly in the form of natural nanoscale Au (Au 0 ), while the rims of the zoned pyrite mainly contain solid solution Au (Au + ) and probably also natural nanoscale Au (Au 0 ). The framboidal, banded, and coarse-grained pyrites contain both natural nanoscale Au (Au 0 ) and solid solution Au (Au + ).
With regard to the arsenopyrite, Au was detected at some analytical points for both single grains and aggregates of arsenopyrite and pyrite. This result may suggest that Au is distributed heterogeneously and that there are Au-rich areas that were incorporated into the structure of the arsenopyrite in the form of gold solution (Au + ).
Implications of the REE and Trace Element Data.
REEs are widely used for determining the genesis, source, evolution, and formation of rocks. REEs can migrate within fluids, such as seawater, groundwater, and metasomatic and hydrothermal fluids, during alteration (e.g., [49] [50] [51] [52] [53] [54] [55] ), and the REEs in the ores of hydrothermal deposits can be affected by the REEs in the fluids (e.g., [56] [57] [58] [59] ). Therefore, comparing the REE patterns in the ores and wall rocks may provide information on the nature of the ore-forming fluids. The ores and wall rocks in the Bojitian deposit show similar REE patterns (Figures 8(a) and 8(b) ), and both are richer in the LREEs than the HREEs, implying that the fluids that influenced the ores and wall rocks changed little over time.
Ce and Eu are commonly used to assess the sedimentary environment [60] [61] [62] , and most studies indicate that if Ce/Ce * > 1, there is Ce enrichment that possibly reflects an oxidation environment in seawater. Values of Ce/Ce * < 1 may represent Ce loss at the time of precipitation of metallic oxides, indicating an anoxic reducing environment [63] [64] [65] . Eu is a multivalent element, occurring as Eu 2+ and Eu 3+ .
Under relatively oxidizing conditions, Eu can exist as Eu 3+ , and this can persist in solution for a long time. Eu 2+ can be precipitated in a reducing environment, which leads to negative Eu anomalies [7, 66, 67] . In the Bojitian gold deposit, both the ore and wall-rock samples show slightly negative Eu anomalies, suggesting that the ore-forming fluids were from a reducing environment. However, Ce shows no apparent anomalies in the ore samples, whereas the slightly negative Ce anomalies that characterize the wall-rock samples reflect a slightly reducing environment.
Sr and W are highly enriched in both the ore and wall rock. Previous studies have suggested that Sr is typically enrich in hydrothermal fluids, especially in low-to-mediumtemperature fluids, whereas W is considered to indicate magmatic hydrothermal activity [7, 68] . In the Bojitian deposit, the enrichment in Sr and W implies that the deposit was affected by low-to-medium-temperature hydrothermal fluids, but it also indicates that magmatic hydrothermal fluids played a role in the ore-forming process. Fluid inclusions and isotopic data also testified that the ore-forming fluids of the Au deposits in the Huijiabao anticline show low-to-mediumtemperature, low salinity, and medium density with certain incorporation of magmatic hydrothermal fluids [69, 70] .
Implications for Ore-Forming Processes.
It is widely accepted that studies of Au occurrences and minerals that host Au in Carlin-type deposits provide not only information on the levels of Au-enrichment in different types of minerals, but also data on the distribution and content of Au in individual minerals, or even within one specific mineral grain. All such studies are important if we are to understand ore-forming processes. In this study we found that arsenian pyrite and arsenopyrite host Au and that Au exists mainly in the sulfides in the form of solid solution Au (Au + ) and natural nanoscale Au (Au 0 ). These features also characterize the nearby Shuiyindong ultra-large Au deposit and are similar to features in other Carlin-type Au deposits, such as those in Nevada and in the "Au triangle" Shan-Gan-Chuan area of China [11, [34] [35] [36] [37] [38] .
The similarities in the geology of these ore deposits and their gold-bearing minerals may indicate that similar ore-forming processes were responsible for all Carlin-type gold deposits in this area, including the nearby Shuiyindong deposit (Figure 9 ). Many studies have examined the oreforming processes of the Shuiyindong deposit. Su et al. [6] argued that Au migrated dominantly in the form of Au(HS) 2− and AuHS(aq) 0 and that the dominant As species in the Shuiyindong deposit was H 3 AsO 3 (aq) 0 . They related the formation of this deposit mainly to metamorphic fluids, but a deep magmatic component could not be excluded [6] . Chen et al. [69] suggested that the ore-forming fluids originated mainly from subsurface hydrothermal water but that some magmatic water may have been involved. Our REE and trace element data also support this inference. The most recent research also supports the idea that the formation of the Shuiyindong deposit was related to basinal fluids that migrated along faults at around 235 ± 33 Ma [71] [72] [73] . Comparing Shuiyindong and Bojitian, it can be seen that the occurrence of Au in both of these deposits is similar (dominantly as Au + in arsenian pyrite). Both deposits were also produced in the same tectonic context and in similar strata. We infer, therefore, that the Bojitian deposit was formed via the same processes as the Shuiyindong gold deposit. The Bojitian deposit was formed from As-bearing, H 2 S-rich, low-to-medium-temperature fluids that migrated along faults and other channels under the influence of regional stress. Au that was already present in the strata or source beds migrated with the fluids in the form of Au(HS) − and ore-forming fluids were then formed in the reducing environment. The ore-forming fluids would have interacted with Fe-rich carbonates to release large amounts of Fe 2+ ;
subsequently, As, Au(HS) − , and Fe 2+ all interacted with each other to form an abundance of arsenian sulfides. This process was accompanied by the precipitation of solid solution Au (Au + ) and natural nanoscale Au (Au 0 ) [40] .
Conclusions
(1) Arsenian pyrite and arsenopyrite are the main Auhosting minerals in the Bojitian Carlin-type Au deposit. Zoned pyrite and fine-grained pyrite are the two major types of arsenian pyrite, followed by framboidal, coarse-grained, and banded pyrite. In addition, some pyrites fill spaces in charcoal debris that consisted of plant screen pipes or conduit rubble. All the pyrites have complex origins, and all have been affected by hydrothermal activity.
(2) Au is present in all five types of arsenian pyrite, but the zoned pyrite and the fine-grained pyrite are the main Au-hosting types. Both the cores and rims of the zoned pyrite contain Au, but the rims are the main host. Individual arsenopyrite grains and aggregates of arsenopyrite and arsenian pyrite also contain Au, with the former being the main type to host Au. (4) The Bojitian deposit was formed by As-bearing, H 2 Srich, low-to-medium-temperature fluids in a reducing environment. A theoretical model for the oreforming process was developed.
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